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Description 

[0001] This invention relates to a membrane elec- 
trode assembly of an electrochemical fuel cell for a stack 
of several such fuel cells. * 
[0002] Electrochemical fuel cells employing mem- 
brane electrode assemblies are known and have been 
produced and sold for many years. Such cells are known 
as solid polymer type fuel cells, and comprise, in the 
heart of the system, two porous electrodes separated 
by an electrolyte material. The porous electrodes, con- 
veniently made from carbon fiber paper ("CFP") and a 
catalyst such as platinum, and the electrolyte material 
in the form of a membrane together form an assembly 
called a membrane electrode assembly ("MEA"). The 
MEA is located between two electrically conductive or, 
conveniently, graphite flow-field plates. The graphite 
flow field plates supply fuel and oxidant in the form of 
hydrogen and air or oxygen, respectively, to the MEA 
and also act to provide current generated by the fuel, 
cell to an external electrical circuit where it may be 
stored or otherwise used. The fuel and oxidant are sup- 
plied to the MEA by grooves in the surface of the graph- 
ite flow field plates adjacent the carbon fiber paper. The 
grooves communicate via manifolds carrying gases to 
each of the individual MEAs. 

[0003] The assembly includes a catalytic material, 
conveniently platinum as aforesaid, on the surface of the 
CFP which renders the CFP an electrode. Each elec- 
trode portion of the CFP contacts the membrane. The 
CFP of the electrode is made hydrophobic. Ridges be- 
tween the grooves in the graphite flow field plates con- 
tact the back of the electrode portion of the CFP. The 
MEA consumes the fuel and oxidant through an electro- 
chemical process and produces an electrical current 
which can be drawn from the electrodes to an external 
circuit. 

[0004] To ensure that the fuel and oxidant gases sup- 
plied to the MEA do not mix, sealing to prevent such 
mixing is imperative. In the event that hydrogen and ox- 
ygen combine within the fuel cell in combination with the 
catalyst, a combustible mixture can form and inflame. In 
the event that the fuel and oxidant leak from the interior 
to the exterior of the fuel cell, it can reduce the efficiency 
of the fuel cell and create a fire or explosive hazard. 
[0005] In conventional fuel cells, an MEA was used 
between the two electrically conductive, preferably 
graphite, plates which included a membrane bonded be- 
tween the CFP layers. The membrane extended sub- 
stantially beyond the edge or periphery of the CFP lay- 
ers and was not supported by or bonded to them, and 
the CFP layers covered only the inner or active portion 
of the membrane. The outer periphery of the membrane 
was free of the CFP. 

[0006] This conventional membrane electrode as- 
sembly was disadvantageous in several respects. First, 
the membrane was installed between two adjacent elec- 
trically conductive plates and acted as a gasket sealing 



the gases in the electrode region from the exterior, iso- 
lating the gases in their respective manifolds and elec- 
trically insulating the electrical conducting flow field 
plates between which it was installed. 
[0007] Such a configuration for the membrane, how- 
ever, did not function well as a gasket. The membranes 
were subject to shrinking and swelling depending on the 
water content of the membrane. Since they were free to 
shrink and swell, the potential for tearing or for fatigue 
cracks to form was high. Although various techniques 
were utilized in an attempt to minimize the leaks across 
the membrane between the flow field plates, the tech- 
niques were expensive and substantially ineffective 
over an extended time period. 
[0008] These applications of the membrane electro- 
lyte, where the unsupported outer edges of the mem- 
brane serve as the insulator and gasket between the op- 
posing flow field plates, place strength and resilience 
demands upon the membrane which then limit the min- 
imum thickness of electrolyte which can realistically be 
used in a fuel cell. At a thickness below about 0,1 3 mm 
(0.005 inches), the typical membrane material is too 
fragile to withstand the compressive forces required for 
sealing. Such thin membranes are subject to tearing 
when the cell is assembled or disassembled and when 
the membrane electrolyte is cycled between the hydrat- 
ed operating state and the dehydrated non-operating 
state. 

[0009] Up to a point, it is desirable to reduce the thick- 
ness of the membrane electrolyte as the electrolyte rep- 
resents a substantial component of the internal electri- 
cal resistance of the fuel cell. A fuel cell with a thinner 
electrolyte will have a lower internal resistance and thus 
a h igher voltage will be available at the fuel cell terminals 
for a given current demand. This translates directly into 
a greater power and fuel efficiency being derived from 
a fuel cell with a thinner electrolyte. This improvement 
is balanced only by the requirement that the membrane 
be sufficiently thick to sustain the operating pressure dif- 
ferential between the fuel and oxidant gases and to min- 
imize the diffusional mixing of these two gas streams 
through the membrane. 

[0010] With the unsupported membrane of the con- 
ventional membrane electrode assembly, it was also 
necessary to machine a recess in each flow field plate 
contiguous with the periphery of the CFP so that the 
MEA could be appropriately positioned between the flow 
field plates with a uniform distance being maintained 
about the periphery so that the membrane could be 
tightened appropriately between the plates and function 
with a good sealing action. Such machining was time 
consuming and expensive and, in fact, did not assist 
substantially in enhancing the sealing action. 
[001 1] Yet a further disadvantage with the convention- 
al membrane electrode assembly was that the mem- 
brane itself was difficult to position and maintain in po- 
sition while the stack assembly was being assembled. 
This was so since the membrane is quite thin and is in- 
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herentfy very flexible. It was also being subject to ex- 
panding and contracting due to the humidity changes in 
the gases to which the membrane was subjected. 
[0012] Yet a further disadvantage in the prior mem- 
brane electrode assembly was the problem of position- 
ing seals about the water and gas passages which ex- 
tended through the flow field plates and the membrane. 
This was accomplished by machining grooves in the 
graphite flow field plates on either side of the membrane 
assembly and manually positioning rubber seals in the 
grooves. This was time consuming and, when assem- 
bling the cells, the seals could be dislodged from the 
grooves if of an O-ring configuration. If the seals took a 
rectangular configuration, they could be rolled in their 
grooves. In either case, the sealing action was adverse- 
ly affected. 

[001 3] US-A-3 01 2 086 discloses a stack of electro- 
chemical fuel cells wherein each of said fuel cells con- 
sists of a stack of five congruent rectangular plates, 
namely a central ion-exchange membrane interposed 
between a fuel gas electrode plate and an oxidizing gas 
electrode plate which in turn are interposed between two 
outer spacer plates acting as gasket plates. Each of the 
electrode plates has a rectangular electrode portion sur- 
rounded by an outer frame-like gasket portion, the elec- 
trode portion being fabricated of a porous material hav- 
ing the proper catalytic properties. 
[0014] It is an object of the present invention to pro- 
vide improved sealing means which safely prevent un- 
desirable escape of the fluid reactants to be used in a 
stack of electrochemical fuel cells for generating elec- 
trical energy. 

[0015] With a membrane electrode assembly of an 
electrochemical fuel cell for a stack of several such fuel 
cells, wherein said assembly comprises first and second 
layers of porous electrically conductive sheet material 
and a substantially gas impermeable ion-exchange 
membrane interposed therebetween, said layers of con- 
ductive sheet material covering and supporting substan- 
tially the entire surface of said membrane and being flu- 
idly isolated from each other, and wherein each of said 
layers of conductive sheet material includes a catalyst 
on at least a portion thereof thereby rendering said lay- 
ers elect rochemically active in the areas containing said 
catalyst, in compliance with the present invention the 
aforesaid object is achieved in that each of said layers 
of conductive sheet material has a sealant material pro- 
truding above the surface thereof facing away from said 
membrane, said sealant material extending within the 
pores of said conductive sheet material layers. 
[0016] EP-A-0 463 542 discloses a continuous con- 
centration electrochemical cell enabling the recircula- 
tion of hydrogen gas from a cathode to an anode of the 
electrochemical cell. In this electrochemical system hy- 
drogen gas is generated at the cathode and consumed 
at the anode, which inherently involves a gas conduit 
between the electrodes. The system comprises a sub- 
stantially gas impermeable ion -exchange membrane in- 



terposed between the electrodes, i. e. the cathode and 
the anode, and the membrane electrode assembly is in- 
terposed between two graphite plates used as current 
collectors. The electrodes are fabricated of a porous 

$ sheet material including a catalyst, and at one of the lat- 
eral sides of the membrane electrode assembly the 
electrodes extend beyond the adjacent lateral edges of 
the membrane and the graphite plates so that hydrogen 
gas can pass longitudinally through the porous elec- 

10 trodes and the gas conduit connected to the projecting 
portions of the electrodes. 

[0017] Further improvements of the inventive mem- 
brane electrode assembly are defined by enclosed 
claims 2 to 11. 

is [0018] In the preferred embodiment, the membrane is 
a solid polymer ion exchange membrane and the sheet 
material comprises carbon fiber paper. The membrane 
most preferably has a thickness between about 0,03 
mm (.001 inches) and about 0,1 3 mm (.005 inches). 
[0019] The preferred catalyst comprises platinum. 
The catalyst is preferably included on at least a portion 
of the surface of each of the layers of sheet material 
facing the membrane. Most preferably, the catalyst is 
included on the central portion of each of the layers of 
sheet material. The layers of sheet material and the 
membrane are preferably bonded together to form a 
consolidated membrane electrode assembly. 
[0020] In the preferred membrane electrode assem- 
bly, the layers of sheet material and the membrane have 
openings formed therein to accommodate the passage 
of fluids through the assembly. The fluids include fuel 
gas, oxidant gas and coolant. The preferred coolants 
are water and ethylene glycol. 
[0021] In one embodiment of the membrane electrode 
and seal assembly, each of the layers of sheet material 
has grooves formed in the surface thereof facing away 
from the membrane. The grooves have an extrudable 
sealant material deposited therein, and generally cir- 
cumscribe the fluid passage openings. A groove gener- 
ally circumscribing the electrochemically active portion 
of the assembly can also be formed in each of the layers 
of sheet material. The grooves preferably extend sub- 
stantially the entire thickness of each of the layers of 
sheet material, and in the most preferred embodiment, 
the sealant material contacts the membrane. The seal- 
ant material preferably comprises silicon rubber. 
[0022] In another embodiment of the membrane elec- 
trode and seal assembly, the surfaces of the layers of 
sheet material facing away from the membrane are im- 
pregnated with a sealant material. The sealant material 
generally circumscribes the fluid passage openings. 
The sealant material can also circumscribe the electro- 
chemically active portion of the assembly. The sealant 
material preferably extends substantially the entire 
thickness of the layers of sheet material. In the most pre- 
ferred embodiment, the sealant material contacts the 
membrane. The sealant material preferably comprises 
silicon rubber. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] A specific embodiment of the invention will now 
be described, by way of example only, with the use of 
drawings in which: 

Figure 1 is an exploded side view of the stack as- 
sembly for a fuel cell incorporating the membrane 
electrode and seal assembly according to the in- 
vention; 

Figure 2 is an end view of the fuel cell stack assem- 
bly illustrated in Figure 1 ; 

Figures 3 is a front diagrammatic view of a conven- 
tional fluid flow field plate; 
Figure 4 is an enlarged cross-sectional view of the 
fluid flow groove in the conventional fluid flow field 
plate of Figure 3; 

Figure 5 is a front view of a membrane electrode 
assembly according to the invention; 
Figure 6 is a bottom view of the membrane elec- 
trode assembly of Figure 5: 
Figure 7 is an exploded perspective view of the 
membrane electrode assembly of Figures 5 and 6; 
and 

Figure 8 is an enlarged cross-sectional view of a 
typical sealing groove in the electrode taken along 
line Br8 of Figure 5. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0024] Referring now to the drawings and, in particu- 
lar, to Figure 1, a fuel cell stack assembly is generally 
illustrated in exploded form at 10. The stack assembly 
includes a pair of end plates 11,12 which conveniently 
are fluid end plates which terminate the stack assembly 
10 and a plurality of threaded tie rods 15 extending be- 
tween the end plates 11, 12 to retain and hold the stack 
assembly 10 in its assembled condition. 
[0025] A spacer plate 1 3 and an electrical isolation 
plate 14 are positioned inside the end plate 11 and a 
piston 17 is positioned within the end plate 12. Buss 
plates 20, 21 are located on opposite ends of the stack 
assembly 1 0 as indicated and carry the voltage and cur- 
rent generated by the fuel cell 1 0. Cooling water jackets 
22, 23 are located immediately inside the buss plates 
20,21. 

[0026] The stack assembly 10 includes a so-called 
"active" section generally illustrated at 24 and a "humid- 
ification" section generally illustrated at 30. The active 
section 24 includes in addition to the buss plates 20, 21 
and cooling water jackets 22, 23, a plurality of identical 
assemblies illustrated generally at 31 , each assembly 
consisting of three fluid flow field or graphite plates 32, 
33, 34 and two membrane electrode assemblies gener- 
ally illustrated at 40 which are assembled between the 
plates 32, 33, 34. In each assembly 31 , the leftmost flow 
plate 32 carries the fuel in the form of hydrogen gas, the 
center flow plate 33 carries the oxidant in the form of 



oxygen or air on one side and hydrogen on the opposite 
side and the rightmost plate 34 carries the oxidant on 
the side adjacent the assembly 40 and water on the op- 
posite side. The configuration of the assembly 31 thus 
s provides for the hydrogen and the oxidant to be located 
on opposite sides of each membrane electrode assem- 
bly 40 and a coolant fluid flow plate in the form of a cool- 
ant jacket which is, in the present instance, a water jack- 
et, to be located adjacent each hydrogen flow field plate. 
This configuration is typical and extends throughout the 
active section 24. 

[0027] The humidification section 30 includes a plu- 
rality of oxidant flow field plates 41 generally located on 
the left hand side of the humidification section 30 illus- 
trated in Figure 1 . The humidification section 30 also in- 
cludes a plurality of fuel humidification flow field plates 
42 generally located on the right hand side of the hu- 
midification section 30, a plurality of fuel humidification 
membranes 37 and a plurality of oxidant humidification 
membranes 36 positioned between the fuel humidifica- 
tion flow field plates 42 and the oxidant flow field plates 
41, respectively. The humidification section 30 acts to 
humidify the gases used so that the solid polymer ion 
exchange membranes in the active section 24 will re- 
main moist or wet as described hereafter. In general, 
hydrogen ions will diffuse less readily through solid pol- 
ymer ion exchange membranes if the membranes are 
allowed to dry. A lower rate of hydrogen diffusion will in 
turn reduce overall cell efficiency. The humidification 
section 30 is intended to prevent the membranes from 
drying by humidifying the fuel and oxidant gases fed to 
the active section 24. 

[0028] The active section 24 also differs from the hu- 
midification section 30 in that there is no electricity pro- 
duced in the humidification section 30 whereas in the 
active section 24 electricity is produced by reason that 
a catalyst in the form of platinum is present in the carbon 
fiber paper forming the membrane electrode assemblies 
40 and thus renders a portion of each layer of carbon 
fiber paper elect rochemically active. 
[0029] Figure 2 is an end view of the fuel cell stack 
assembly 10 illustrated in Figure 1, showing hydrogen 
(fuel) gas inlet 71 , hydrogen (fuel) gas outlet 72, air (ox- 
idant) inlet 73, air (oxidant) outlet 74, water inlet 75 and 
water outlet 76. Figure 2 also shows end plate 1 2, piston 
17, and tie rod nuts 120. 

[0030] The membrane electrode assemblies 40 in the 
active section 24 are identical and a typical assembly is 
illustrated at 40 in Figures 5, 6 and 7. Each membrane 
electrode assembly 40 comprises three elements, 
namely, a first layer of a porous electrically conductive 
support material, conveniently a porous carbon fiber pa- 
per 44, a second layer of an electrolyte material which 
is a solid polymer ion exchange membrane 43, and a 
third layer of a porous electrically conductive support 
material 50, conveniently formed of carbon fiber paper. 
The layers of carbon fiber paper 44, 50 support the 
membrane 43 therebetween to form a consolidated as- 
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sembly 40 as described in greater detail hereafter. The 
carbon fiber papers layers 44, 50 are each treated with 
a catalyst on the surfaces adjacent and in contact with 
the membrane 43, thus to form electrodes. The treated 
area coincides with the flow field of the graphite plates 
which carry the gases to the carbon fiber paper. 
[0031] A solid polymer ion exchange membrane 43 is 
conveniently used which has a conventional thickness 
of approximately 0,18 mm (.007 inches). This thickness, 
however, was necessary to reduce tearing and other 
damage when in an unsupported configuration. It is be- 
lieved that a reduced thickness will be possible to use 
with the membrane as supported according to the 
present invention and, indeed, performance compari- 
sons made to date indicate that with a constant cell ter- 
minal voltage, a membrane having a reduced thickness 
will give enhanced current density. For example, with a 
membrane cell voltage of 0.6 volts, a DOW 4 (trade- 
mark) membrane with a thickness of 0,1 60 - 0,168 mm 
(.0063-.0066 inches) exhibits a current density of ap- 
proximately 25 833 Amp./m 2 (2400 amperes per square 
foot) whereas with the same voltage, a DOW 2 (trade- 
mark) membrane having a thickness of 0,089 - 0,099 
mm (.0035-.0039 inches) will provide a current density 
of approximately 34 445 Amp./m 2 (3200 amperes per 
square foot), the only difference between the two mem- 
branes being one of thickness. 
[0032] A coolant fluid flow field plate 22 is illustrated 
in Figures 3 and 4. One side 1 02 of the plate 22 is blank 
but the opposite side 103 as illustrated has a plurality, 
namely ten, liquid carrying grooves 51 formed therein to 
carry the coolant, namely liquid water, from the inlet 100 
to the outlet 1 01 although only one groove 51 is illustrat- 
ed in Figure 3 for simplicity. In addition, a plurality of 
openings (not shown) extend through the plate 22 to al- 
low for passage of the hydrogen and the air or oxidant 
through the plate 22. 

[0033] The plate 22, as described, is mounted against 
the blank side of the hydrogen flow field plate 32 (see 
Figure 1 ). To that end, it is necessary to seal the plate 
22 against the blank side of fuel plate 32 to prevent the 
escape of water. Reference is made to sealing groove 
1 04 in Figure 4 which carries sealant material in the form 
of silicon rubber or extrudable elastomeric sealant ma- 
terial 110. Groove 104 is machined in plate 22 and the 
sealant material 110 is injected into the groove 104 prior 
to assembling the stack assembly 10 and, in particular, 
prior toassembling the plate 22 against the fuel flowfield 
plate 32. 

[0034] Referring to the membrane electrode assem- 
bly 40 of Figures 5, 6 and 7, the two layers of carbon 
fiber paper 44, 50 support the membrane 43 completely 
therebetween so as to form a consolidated unit. It will 
be particularly noted that the membrane 43 is interposed 
between the layers 44, 50 over substantially all of its 
surface area and that the opening 51 (air outlet), open- 
ing 52 (air inlet), opening 1 1 1 (water outlet), opening 1 1 2 
(water inlet), opening 113 (hydrogen outlet), and open- 



ing 114 (hydrogen inlet) extend through not only the 
membrane 43 but also through the carbon fiber layers 
44 and 50. 

[0035] A fuel gas which is conveniently hydrogen is 
s supplied to the back of one of the porous electrodes 
while an oxidant gas such as oxygen or air is supplied 
to the back of the other electrode. The electrochemical 
process thereby carried out consumes the fuel and ox- 
idant and produces an electric current which is available 
to be drawn from the porous electrodes. The membrane 
43 permits the diffusion through the membrane 43 of hy- 
drogen ions and is intended to be substantially impervi- 
ous to hydrogen and oxygen molecules. A catalyst 54, 
in the present case being platinum, is added to the sur- 
face area of each of the carbon fiber paper surfaces ad- 
jacent the membrane 43. The catalyst promotes the 
electrochemical reaction of hydrogen and oxygen, 
renders the carbon fiber paper electrochemical ly active 
and thereby produces the electrical current generated 
at the buss plates 20, 21. 

[0036] With reference now to Figure 8, sealing 
grooves 60, 61 are formed in the layers 44, 50, respec- 
tively, but the grooves do not extend through the mem- 
brane 43. The grooves can extend to each side of the 
membrane as illustrated in Figure 8. The grooves 60, 
61 are injected with sealant material 62 prior to assem- 
bling the fuel cell 10. An appropriate sealant material 62 
is a silicon rubber material and a particularly suitable 
material is known as SILASTIC E RTV (trademark) ma- 
terial. 

[0037] The membrane electrode assembly 40 is as- 
sembled by initially submerging the carbon fiber paper 
44, 50 into a mixture of deionized water and TEFLON 
(trademark) brand polytetrafluoroethylene. The carbon 
fiber paper 44, 50 is allowed to absorb the TEFLON 
(trademark) for 10-15 minutes. The carbon fiber paper 
50 is then removed from the mixture, air dried for 10-15 
minutes, and placed on a hot plate at a temperature of 
approximately 410 degrees C to soften and bond the 
TEFLON (trademark) mixture to the carbon fiber paper 
44, 50 in a sintering process. When the sintering proc- 
ess is complete, the carbon fiber paper 44, 50 is coated 
with a mixture of a platinum catalyst and TEFLON 
(trademark) in the areas earlier described opposite the 
flow field plate which carry the gases to the electrode 
area. This mixture is also bonded within the carbon fiber 
paper 44, 50 in a further sintering process. 
[0038] Two layers 44, 50 of carbon fiber paper are 
used with each membrane 43 for each membrane elec- 
trode assembly 40. The bonding of the layers 44, 50 with 
the membrane 43 is done under a combined process of 
heat, pressure and time until the bonding process is 
complete and the membrane electrode assembly 40 is 
consolidated into a single unitary assembly. The consol- 
idation process involves placing the assembly 40 in a 
press at a temperature of 1 75 degrees C and increasing 
the pressure to 6 890 kPa (1 000 p.s.i.). A coolant drops 
the temperature to approximately 80 degrees C over 1 0 
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minutes and the bonding process is complete. 
[0039] The assembly 40 is then milled so as to provide 
the sealing grooves 60, 61 . Subsequently, the coolant, 
oxidant and fuel inlet and outlet openings, represented 
by openings 51, 52, 111, 112, 113and 114 in Figures, 
and the guide pin holes 1 21 , 1 22 which are used for as- 
sembly purposes are punched through the layers 44, 50 
and the membrane 43. The sealant material 62 is inject- 
ed into the sealing grooves 60, 61 on both sides of the 
electrode assembly 40. 

[0040] The fuel cell 1 0 is then assembled by using the 
guide pin holes 121, 122 as guides for guide pins (not 
shown). The various components are stacked together 
and, when assembled, the nuts 120 (see Figure 1) on 
the ends of the tie rods of fuel cell 10 are torqued to 
apply suitable compressive force. 
[0041] In operation, the fuel, preferably in the form of 
hydrogen, flows from the hydrogen supply and enters 
the humidification section 30 through the fuel humidifi- 
cation flow field plates 42 (see Figure 1) where the fuel 
gas is humidified by the water carried by the humidified 
water jacket plates 39 to a value preferably close to 
100% relative humidity. The humidified fuel gas then 
passes to the active section 24 of the stack assembly 
1 0 where the humidified fuel gas passes through the hy- 
drogen or fuel flow field plates 32 adjacent the anode 
side of the membrane electrode assemblies 40. The ox- 
idant gas supplied to the second electrode and the fuel 
are consumed by the electrochemical process and an 
electrical current is generated which is available to be 
drawn from the porous electrodes. The unused hydro- 
gen exits the plate 32 in the active section 24 and passes 
to a tank (not shown) where excess hydrogen may be 
returned to the inlet line 63 and wherein the above proc- 
ess is repeated. 

[0042] The oxidant in the form of air or oxygen enters 
the humidification section 30 of the stack assembly 10 
where it is humidified as it passes through the oxidant 
humidification flow field plates 41 (see Figure 1) adja- 
cent the humidification water jacket plates 39. The hu- 
midified oxidant gas then passes to the active section 
24 and through the oxidant or fuel flow field plates 33, 
34 adjacent the cathode side of the membrane electrode 
assemblies 40. The air or oxygen then flows out of the 
active section 24 to a separate tank (not shown) where 
any pressure exceeding a predetermined value is vent- 
ed and where any water formed is collected for return 
to the fuel cell 10 for cooling. 

[0043] In operation, liquid water is provided to the ac- 
tive section 24 of the fuel cell 10 and circulated there- 
through to neutralize the heat generated by the exother- 
mic reaction in the fuel cell. The water travels through 
the water jacket flow field plates 22, 34 adjacent the hy- 
drogen and oxygen flow field plates 32, 33 (see Figure 
1 ). The water then travels to the humidification section 
30 and then to a tank where it can be pumped back to 
the fuel cell 10. 

[0044] Many modifications will readily occur to those 



skilled in the art. For example, rather than a graphite 
material being used for the electrical conducting plates, 
other substances could be used including a composite 
material of KYNAR (trademark) and graphite powder. 

5 Likewise, an elastomeric material could be used for the 
sealant material rather than rubber. It will also be under- 
stood that the electrode material may not necessarily be 
hydrophobic although in the present case, it is so desir- 
able. Although platinum is used as a catalyst in the 

10 present instance, it would be possible to use other cat- 
alytic substances to promote the reaction. Likewise, 
while water has been described as being used as cool- 
ant, any other suitable coolant, such as ethylene glycol, 
may be used. 

is [0045] It is further contemplated that rather than ma- 
chining or milling grooves into the carbon fiber paper 
which will eventually be used as electrodes and injecting 
the sealant material into the grooves, grooves need not 
be formed at all. In this regard, the sealant material could 

20 be injected directly into the porous carbon fiber paper to 
a depth that would contact the membrane without form- 
ing grooves and that the quantity of the sealant injected 
would be such that it would continue to protrude slightly 
above the surface of the electrode and thereby continue 

25 to perform its sealing action in the same manner as set 
out earlier. 

[0046] In addition to employing the fully supported 
membrane electrode and seal assembly in the electro- 
chemically active portion of a fuel cell stack, a fully sup- 

30 ported membrane and seal assembly can also be em- 
ployed in the humidification portion of a fuel cell stack. 
For ease of manufacture, the membrane assembly in 
the humidification portion is usually formed of the same 
membrane and conductive sheet material (preferably 

35 carbon fiber paper) as those used in the electrochemi- 
cally active portion. In the humidification portion, how- 
ever, the carbon fiber paper is generally not coated with 
catalyst. As with the membrane assembly used in the 
electrochemicaily active portion, it has been found ad- 

40 vantageous to employ layers of porous sheet material 
in the humidification portion which cover and support 
substantially the entire surface of the membrane. Simi- 
larly, the grooving and sealing techniques employed on 
the porous electrically conductive sheet material in the 

45 electrochemicaily active portion can also be advanta- 
geously employed on the porous sheet material in the 
humidification portion of a fuel cell stack. 
[0047] Many further modifications will readily occur to 
those skilled in the art to which the invention relates and 

so the specific embodiments described herein should be 
taken as illustrative of the invention only and not as lim- 
iting its scope in accordance with the accompanying 
claims. 



1 . A membrane electrode assembly (40) of an electro- 
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chemical fuel cell for a stack (10) of several such 
fuel cells, said assembly (40) comprising first and 
second layers (44, 50) of porous electrically con- 
ductive sheet material and a substantially gas im- 
permeable ion-exchange membrane (43) inter- 
posed therebetween, said layers (44, 50) of con- 
ductive sheet material covering and supporting sub- 
stantially the entire surface of said membrane (43) 
and being flu idly isolated from each other, and each 
of said layers (44, 50) of conductive sheet material 
including a catalyst (54) on at least a portion thereof 
thereby rendering said layers electrochemically ac- 
tive in the areas containing said catalyst, charac- 
terized in that each of said layers (44, 50) of con- 
ductive sheet material has a sealant material (62) 
protruding above the surface thereof facing away 
from said membrane (43), said sealant material (62) 
extending within the pores of said conductive sheet 
material layers (44, 50). 

2. The membrane electrode assembly (40) of claim 1 
wherein each of said layers (44, 50) of sheet mate- 
rial has grooves (60, 61) formed in the surface 
thereof facing away from said membrane (43), said 
grooves (60, 61 ) having an extrudable sealant ma- 
terial (62) deposited therein, said grooves (60, 61) 
generally circumscribing the electrochemically ac- 
tive portion of said assembly. 

3. The membrane electrode assembly (40) of claim 2 
wherein said grooves (60, 61) extend substantially 
the entire thickness of each of said layers (44, 50) 
of sheet material. 

4. The membrane electrode assembly (40) of claim 3 
wherein said sealant material (62) contacts said 
membrane (43). 

5. The membrane electrode assembly (40) of claim 1 
wherein the surfaces of said layers (44, 50) of sheet 
material facing away from said membrane (43) are 
impregnated with a sealant material (62), said seal- 
ant material (62) generally circumscribing the elec- 
trochemically active portion of said assembly. 

6. The membrane electrode assembly (40) of claim 5 
wherein said sealant material (62) extends substan- 
tially the entire thickness of said layers (44, 50) of 
sheet material. 

7. The membrane electrode assembly of claim 1 
wherein said layers (44, 50) of sheet material and 
said mambrane (43) have openings (111, 113) 
formed therein to accommodate the passage of flu- 
ids through said assembly, each of said layers (44, 
50) of sheet material having grooves (60, 61) 
formed in the surface thereof facing away from said 
membrane (43), said grooves (60, 61 ) having an ex- 



trudable sealant material (62) deposited therein, 
said grooves (60, 61 ) generally circumscribing said 
fluid passage openings (111, 113). 

5 8. The membrane electrode assembly (40) of claim 7 
wherein said grooves (60, 61) extend substantially 
the entire thickness of each of said layers (44, 50) 
of sheet material. 

10 9. The membrane electrode assembly (40) of claim 8 
wherein said sealant material (62) contacts said 
membrane (43). 

10. The membrane electrode assembly (40) of claim 1 
15 wherein said layers (44, 50) of sheet material and 
said mambrane (43) have openings (111, 113) 
formed therein to accommodate the passage of flu- 
ids through said assembly (40), the surfaces of said 
layers (44, 50) of sheet material facing away from 
20 said membrane (43) impregnated with a sealant 
material (62), said sealant material (62) generally 
circumscribing said fluid passage openings (111, 
113). 

25 11. The membrane electrode assembly (40) of claim 10 
wherein said sealant material (62) contacts said 
membrane (43). 



1. Membran-Elektroden-Anordnung (40) einer elek- 
trochemischen Brennstoffzelle fur einen Stapel (10) 
von mehreren solchen Brennstoffzellen, wobei die- 

35 se Anordnung (40) eine erste und eine zweite Lage 
(44, 50) poroses, elektrisch leitendes Blattmaterial 
und eine dazwischen angeordnete, im wesentli- 
chen gasundurchlassige lonenaustauschmembran 
(43) aufweist, wobei diese Lagen (44, 50) aus lei- 

40 tendem Blattmaterial jeweils im wesentlichen die 
ganze Flache der Membran (43) bedecken undstut- 
zen und voneinander fluiddicht getrennt sind, und 
wobei jede der Lagen (44, 50) aus leitendem Blatt- 
material an mindestens einem Teil davon einen Ka- 

45 talysator (54) aufweist, wodurch die Lagen in den 
den Katalysator aufweisenden Bereichen elektro- 
chemisch aktiv werden, dadurch gekennzeichnet, 
daQ jede der Lagen (44, 50) aus leitendem Blattma- 
terial ein Dichtmaterial (62) aufweist, das uber die 

50 von der Membran (43) wegweisende Flache vor- 
steht, wobei sich dieses Dichtmaterial (62) inner- 
halb der Poren der Lagen (44, 50) aus leitendem 
Blattmaterial erstreckt. 

55 2. Membran-Elektroden-Anordnung (40) nach An- 
spruch 1 , worin jede der Lagen (44, 50) aus Blatt- 
material Rillen (60, 61) besitzt, die in der von der 
Membran (43) wegweisenden Flache ausgebildet 
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sind, wobei sich in diesen Rillen (60, 61) ein extru- 
dierbares Dichtmaterial (62) befindet und die Rillen 
(60, 61) im allgemeinen den elektrochemisch akti- 
ven Bereich der Anordnung umgeben. 

3. Membran-Elektroden-Anordnung (40) nach An- 
spruch 2, worin sich die Rillen (60, 61) im wesent- 
iichen uber die gesamte Dicke jeder dieser Lagen 
(44, 50) aus Blattmaterial erstrecken. 

4. Membran-Elektroden-Anordnung (40) nach An- 
spruch 3, worin das Dichtmaterial (62) mit der Mem- 
bran (43) in Kontakt ist. 

5. Membran-Elektroden-Anordnung (40) nach An- 
spruch 1, worin die von der Membran (43) wegwei- 
senden Flachen der Lagen (44, 50) aus Blattmate- 
rial mit einem Dichtmaterial (62) impragniert sind, 
wobei das Dichtmaterial (62) im allgemeinen den 
elektrochemisch aktiven Bereich der Anordnung 
umgibt. 

6. Membran-Elektroden-Anordnung (40) nach An- 
spruch 5, worin sich das Dichtmaterial (62) im we- 
sentlichen uber die gesamte Dicke der Lagen (44, 
50) aus Blattmaterial erstreckt. 

7. Membran-Elektroden-Anordnung nach Anspruch 1 , 
worin die Lagen (44, 50) aus Blattmaterial und die 
Membran (43) Off nungen (111,113) darin ausgebil- 
det haben, urn den Durchgang von Fluiden durch 
die Anordnung zu ermoglichen, wobei jede der La- 
gen (44, 50) aus Blattmaterial in der von der Mem- 
bran (43) wegweisenden Flache Rillen (60, 61 ) aus- 
gebildet hat, in denen sich ein extrudierbares Dicht- 
material (62) befindet, wobei diese Rillen (60, 61) 
im allgemeinen die Offnungen (111, 113) fur den 
Fluiddurchgang umgeben. 

8. Membran-Elektroden-Anordnung (40) nach An- 
spruch 7, worin sich die Rillen (60, 61 ) im wesent- 
lichen uber die gesamte Dicke jeder der Lagen (44, 
50) aus Blattmaterial erstrecken. 

9. Membran-Elektroden-Anordnung (40) nach An- 
spruch 8, worin das Dichtmaterial (62) mit der Mem- 
bran (43) in Kontakt ist. 

10. Membran-Elektroden-Anordnung (40) nach An- 
spruch 1 , worin die Lagen (44, 50) aus Blattmaterial 
und die Membran (43) Offnungen (111, 113) darin 
ausgebildet haben, urn den Durchgang von Fluiden 
durch die Anordnung (40) zu ermoglichen, wobei 
die von der Membran (43) wegweisenden Flachen 
der Lagen (44, 50) aus Blattmaterial mit einem 
Dichtmaterial (62) impragniert sind, wobei das 
Dichtmaterial (62) im allgemeinen die Offnungen 
(111, 113) fur den Fluiddurchgang umgibt. 



11. Membran-Elektroden-Anordnung (40) nach An- 
spruch 10, worin das Dichtmaterial (62) mit der 
Membran (43) in Kontakt ist. 



Revendlcatlons 

1. Ensemble membrane-electrodes (40) d'une pile 
efectrochimique a combustible pour un empilement 

10 (1 0) de plusieurs telles piles a combustible, ledit en- 
semble (40) comprenant des premiere et seconde 
couches (44, 50) d'un materiau en feuille poreux 
eiectriquement conducteur et une membrane prati- 
quement impermeable au gaz, echangeuse d'ions 
(43) intercalee entre celles-ci, lesdites couches (44, 
50) de materiau en feuille conducteur recouvrant et 
supportant pratiquement la surface totale de ladite 
membrane (43) et etant isol6es d'un point de vue 
des flu ides I'une de I'autre, et chacune desdites 
20 couches (44, 50) de materiau en feuille conducteur 
comprenant un catalyseur (54) sur au moins une 
partie de celles-ci, rendant par la lesdites couches 
electrochimiquement actives dans les zones conte- 
nant ledit catalyseur, caract6ris6 ence que chacune 
25 desdites couches (44, 50) de materiau en feuille 
conducteur presente un materiau d'etancheite (62) 
faisant saiilie au-dessus de la surface de celles-ci 
en partant de ladite membrane (43), ledit materiau 
d'etancheite (62) s'etendant a I'interieur des pores 
30 desdites couches de materiau en feuille conducteur 
(44, 50). 

2. Ensemble membrane-electrodes (40) selon la re- 
vendication 1 , dans lequel chacune desdites cou- 

35 ches (44, 50) de materiau en feuille pr6sente des 
rainures (60, 61 ) formees dans la surface de celles- 
ci en partant de ladite membrane (43), lesdites rai- 
nures (60, 61) presentant un materiau d'etancheite 
extrudable (62) depose dans celles-ci, lesdites rai- 
40 nures (60, 61) entourant en g6n6ral la partie elec- 
trochimiquement active dudit ensemble. 

3. Ensemble membrane-electrodes (40) selon la re- 
vendication 2, dans lequel lesdites rainures (60, 61) 

45 s'etendent pratiquement sur repaisseur totale de 
chacune desdites couches (44, 50) de materiau en 
feuille. 

4. Ensemble membrane-electrodes (40) selon la re- 
50 vendication 3, dans lequel ledit materiau d'etan- 
cheite (62) touch e ladite membrane (43). 

5. Ensemble membrane-electrodes (40) selon la re- 
vendication 1, dans lequel les surfaces desdites 

55 couches (44, 50) du materiau en feuille partant de 
ladite membrane (43) sont impr6gn6es avec un ma- 
teriau d'etancheite (62), ledit materiau d'6tanch6it6 
(62) entourant en general la partie eiectrochimique- 
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ment active dudit ensemble. 

6. Ensemble membrane-electrodes (40) selon la re- 
vendication 5, dans lequel ledit materiau d'etan- 
cheite (62) s'etend pratiquement sur I'epaisseur to- s 
tale desdites couches (44, 50) du materiau en 
feuille. 

7. Ensemble membrane-6lectrodes selon la revendi- 
cation 1 , dans lequel lesdites couches (44, 50) de 10 
materiau en feuille et ladite membrane (43) presen- 
ted des ouvertures (111, 1 1 3) formees dans celles- 

ci pour loger le passage de fluides a travers ledit 
ensemble, chacune desdites couches (44, 50) de 
materiau en feuille presentant des rainures (60, 61 ) '5 
formees dans la surface de celles-ci en partant de 
ladite membrane (43), lesdites rainures (60, 61) 
presentant un materiau d'etancheite extrudable 
(62) depose dans celles-ci, lesdites rainures (60, 
61) entourant en general lesdites ouvertures de 20 
passage de fluides (111, 113). 

8. Ensemble membrane-electrodes (40) selon la re- 
vendication 7, dans lequel lesdites rainures (60, 61 ) 
s'elendent pratiquement sur I'epaisseur totale de 25 
chacune desdites couches (44, 50) de materiau en 
feuille. 

9. Ensemble membrane-electrodes (40) selon la re- 
vendication 8, dans lequel ledit materiau d'etan- 30 
cheite (62) touche ladite membrane (43). 

10. Ensemble membrane-electrodes (40) selon la re- 
vendication 1 , dans lequel lesdites couches (44, 50) 

de materiau en feuille et ladite membrane (43) pre- 35 
sentent des ouvertures (111,113) formees dans cel- 
les-ci pour loger le passage de fluides a travers ledit 
ensemble (40), les surfaces desdites couches (44, 
50) de materiau en feuille en partant de ladite mem- 
brane (43) etant impregnees avec un materiau 40 
d'etancheite (62), ledit matenau d'etancheite (62) 
entourant en general lesdites ouvertures de passa- 
ge de fluides (111, 113). 

11. Ensemble membrane-electrodes (40) selon la re- 
vendication 10, dans lequel ledit mat6riau d'etan- 
cheite (62) touche ladite membrane (43). 
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